Abstract
Toxocara canis and T. cati are common animal nematodes in dogs and cats, respectively, that are known to infect humans. However, as humans are non-compatible hosts, the infecting nematode larvae are unable to complete the life cycle required for its propagation. The larvae thus remain as an antigenic stimulant, resulting in visceral larvae migrans and ocular toxocariasis. Several non-specific persistent symptoms in childhood such as migraine, chronic cough and recurrent abdominal pain have been attributed to Toxocara infection and on occasion have been referred to as inapparent or covert Toxocara infection.
1,2
Toxocara infection is associated with a profound immunological reaction, namely a marked eosinophil and IgE response not unlike that which is seen in atopic illnesses, such as bronchial asthma. We determined the importance of Toxocara exposure in childhood asthma by examining its seroprevalence in asthmatic Malaysian children and nonasthmatic Malaysian children.
Methods
All children aged older than 5 years, with an established diagnosis of moderate to severe bronchial asthma requiring regular inhaled prophylaxis and attending the Paediatric Asthma Clinic between September and December 1999, were enrolled in this study. Children with asthma symptoms on most days with acute exacerbations less than 6-8 weeks apart, affecting daytime activity and sleep, were categorized as moderate bronchial asthma and those with continuous asthma symptoms with limited daytime activity and regular nocturnal symptoms were considered to have severe bronchial asthma. Children with hepatosplenomegaly, generalized lymphadenopathy and ocular symptoms were excluded. Non-asthmatic controls were included from children aged over 5 years, who were admitted for elective surgical procedures. Approval was obtained from the hospital ethics committee and parental informed consent was also obtained for inclusion into the study. Information regarding the sociodemographic profile, the presence of domestic pets at home, type of residency and weekly contact with a playground or field was collected. Social class categories were determined according to the United Kingdom Registrars father's occupational class ranks: class I, leading professionals and business (i.e. doctor, manager); class II, minor professionals and business (i.e. teacher, pharmacists, shopkeeper); class III, skilled worker (i.e. clerk, factory foreman); class IV, semiskilled worker (i.e. truck driver, factory worker, salesman); class V, non-skilled worker (i.e. porter, laborer, waiter). All children included in the study were found to be negative for stool evidence of soil transmitted helminthes.
Serological determination of Toxocara antibodies
Blood samples were collected into plain tubes. The samples were then centrifuged at 800 g for 5 min after which the sera was collected and stored at -70°C until used. Serological determination was carried out using a commercially available enzyme immunoassay kit (Toxocara IgG CELISA; Cellabs, Brookvale, Australia). In this assay, antibody in the serum (diluted 1:100) binds to the Toxocara excretory-secretory (ES) antigen which is coated on the inner surface of wells of test strips. Peroxidase-conjugated antibody to human IgG is then added to react with the bound antibody. A chromogenic substrate for the peroxidase is added and a reaction resulting in the development of a blue color indicates the presence of Toxocara-specific IgG antibody in the serum . A stop solution (2 M sulfuric acid) is then added to the well, which will change the blue color to yellow. The intensity of the color, which is in proportion with IgG antibody level, is measured as absorbance at 450 nm in an ELISA reader. Samples yielding absorbance values above 0.25 are considered as positives.
Statistical analysis
Data collected was analyzed with S P S S version 7.0 for Windows operating systems 1998 (SPSS, Chicago, IL, USA). Quantitative data were compared with the Student's t-test and dichotomous variables were compared with the χ 2 test or Fishers' exact test where appropriate. A P-value of less than 0.05 was considered significant.
Results
A total of 66 children, with an established diagnosis of moderate to severe bronchial asthma receiving inhaled prophylaxis and 58 non-asthmatic controls, were included in the study. There was no difference in the age, sex and social class between the two groups. The presence of a domestic pet at home, type of residency and whether the child played in a field or visited a playground weekly were also not significantly different between the two groups ( Table 1) . Children with bronchial asthma were more likely to have Toxocara seropositivity compared with the non-asthmatic controls (21.2 vs 8.6%, P=0.047). In children with Toxocara seropositivity, the titre was higher in asthmatic children than in the non-asthmatic controls (0.68~0.32 vs 0.49~0.07, P=0.008).
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Discussion
The increasing prevalence of childhood asthma worldwide is similar to the experience described in Malaysia and will pose a significant burden for both parents and the national health-care system. 3, 4 Despite generating an immense amount of interest, the definitive understanding of a unifying hypothesis that explains the mechanisms that lead to the development of childhood asthma remains elusive. Environmental factors that childhood asthma has been attributed to include respiratory viral infections in infancy, exposure to passive cigarette smoke, air pollution, aero-allergens, house dust mite exposure and childhood immunizations. 5 Childhood exposure to helminth infection appears to be more common in the developing nations of the tropics compared to the more developed nations of the temperate regions. Toxocara infections are peculiar, because the infecting larvae are unable to complete its life cycle, as humans are accidental hosts. In most infections, no clinical disorder is seen, but can remain as an antigenic stimulant, maintaining a marked eosinophil and IgE systemic response. Clearly, this immunological profile is similar to that which predominates in childhood atopic disorders, such as bronchial asthma and may contribute to the pathogenesis of atopy. It may be theoretically possible that Toxocara infection enhances the T-helper 2 immunity leading to the particular TH2 phenotype associated with classic childhood asthma. 6 Our observation suggests that there appears to be a relationship between the development of childhood asthma and exposure to Toxocara infection. The relationship of previous Toxocara exposure in association with an increased incidence of allergic disorders in children has been documented on numerous occasions. Asthmatic children in Hawaii when compared with non-asthmatic children showed a higher seropositivity for both specific IgG (1.3 vs 0%) and IgE (10.0 vs 3.2%) towards T. canis antigen. 7 Cross-sectional community studies in elementary school children have also shown an association between asthma and allergic manifestations with Toxocara seroprevalence. 8, 9 Nonetheless, whether previous exposure to Toxocara infection predisposes to childhood asthma or that asthmatic children are more likely to exhibit a more profound immunological reaction to Toxocara infections remains unresolved. There is, however, evidence to support the former. Proliferation and maturation of eosinophils and IgE production in allergic disorders are regulated by cytokines interleukin 4 and 5, both of which have been shown to be produced in a similar manner by T cell clones when cultured from atopic and Toxocara-infected individuals. 10, 11 Furthermore, Toxocara-infected animal models have shown increased pulmonary resistance and decreased pulmonary compliance 28 days after the primary infection suggesting the possibility of long-term respiratory morbidity associated with Toxocara infection. 12 The close proximity of children with domestic animals, especially cats and dogs, will require re-examination if atopic disorders in children are associated with Toxocara infection. There was no significant difference in the pet ownership between asthmatic children and controls in our study population. Asthmatic children were less likely to have domestic pets at home and this observation is more likely to be a reflection of parental perception that asthmatic children should not be in close contact with furry animals. However, exposure to Toxocara infection is not confined to children who have direct contact with domestic pets as the contamination of the environment with Toxocara ova is quite common. Dogs and cats that defecate in playing fields and playgrounds where children frequent provide the necessary environmental source of Toxocara infection for children in Malaysia. Prevalence rates of contamination of playgrounds and playing fields with Toxocara ova have been shown to vary between 10 and 30%. 13 The relationship between childhood asthma and previous Toxocara infections warrants further evaluation, especially when exploring the many potential avenues for prevention of childhood asthma. The environment appears to provide a ready source of Toxocara ova and perhaps simple precautions like protecting playing fields and playgrounds from defecation by animals and personal hygiene should be implemented for the promotion of child health in general.
